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- C-E Pesponse to the TVA Concerns Regarding Very Small Break LOCA

Assumptions:

1. To assess the impact of a non-condensible gas on steam generator heat
transfer during a small break LOCA, the presence of hydrogen in the Reactor
Coolant System (RCS) was investigated. Calculations performed with the
assumption that cne percent of the core wide clad reacts prior to the
onset of primary steam condensation and all of the gas evolved is as-
sumed to collec: in the steam ganerators, resulted in a reduction in

v heat transfer rate of only six percent. Reaction rates typical of the

small break LOCA response demonstrate reaction percentages much less

than 0.1% prior to the start of condensation. Consideration of SIT N2
injection is not necessary ‘or these small breaks because the SIT's do
not inject during these transients. Since the condensation coefficient
utilized in the small break LOCA sransient calculations are based on
conservatively low values, (50 percent loer than Dest estimate values)
the small reductions in heat transfer rates, as 2 result of non-condensib
gases in the system, are more than bounded by the conservatism in the hea!
transfer model.

2. Throttling of the HPSI pump(s) is required to enter shutdown cooling «°
for breaks small enough that the Safety Injection System can keep tha
RCS pressurized above 400 psia. The cperator will gradually close valves
in the HPSI pump discharge lines until the RCS pressure is reduced beiow
= 400 psia, as indicated by the pressurizer pressure. Remote position in-
dicators on these valves and HPSIP flow meters (F-311, 321, 331, 341) wil
aid the o~ :rator during this process. It is understcod that the conflict
ing infor .tion contained in T0-CE-660 has been rectificd by subsequent
correspondance.
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i 3. The small break LOCA analysis does not account for operation of the Chemi
‘ cal and Volume Control System (CVCS).

4. The small break LOCA spectrum includes analysis of break sizes with areas
1 in the range of 0.5 to approximately 0.0005 ftZ. The lower limit is

s chosen consistent with that break size at which the leak flow is matched
by the charging flow at full power conditions. For a given cold leg
break, increased leakage assumed from the reactor coclant pump seals "
define a larger equivalent break size with the transient response,ac. .-
modated in the above defined spectrum. Brezks larger than 0.5 fi" are
accommodated in the large break spectrum.
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Transient Analysis:

~

5. With natural circulation referring to the initial subcecied
the small break LOCA and boiling referring to the condition when the
a

RCS fluid achieves saturation, the following heat remov 1 mechanism in
the core and steam generator are:

Steam Generator
Heat Transfer

RCS Fluid State Core Heat Transfer

Forced Convection

1) Subcooled Forced Convection
2) Saturated Flow or Pool Hucleate Two Phase Flow With
Boiling Condansation

The time the transition from a subcooled forced convection condition to
boiling (saturated condition) is achieved in tng core will vary with
broak size from avout five seconds for 2 0.5 ft¢ break to_zbout 40
seconds for a 0.05 ft2 break. '
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§. The hot and cold leg £luid temperatures at the time the transition from
a subcooled to a saturated condition in the core occurs will vary some-
what with break size. For scoping purposes, for the range of break sizes
0.5 ft¢ to 0.05 ft2, the hot and cold leg temperatures will be very near
to the temperatures at initial full power cenditions. This information

will be provided at a later date when the Final Safety Analysis has Leen
= completed.

7. Operation of the main coolant pumps during 2 small break LOCA benefits
the transient response by delaying or preventing core uncovery. Core
uncovery is defined as that condition during 2 small break LOCA where the

two phase level recedes below the top of the active core region. The
pressure drop generated by operation of the main coolant pumps can
support a higher fluid level in the inner vessel region (lower plenum,
core, and upper plenum of the reactor vessel) relative to the condition
with the conlant pump shut off, so that the potential for core uncovery

occurring during the transient is either minimized or prevented.
; 8. If the break is isolated during the transition to koiling or during the
boiling mode, the high pressure safety injection pumps will refill the
RCS at a faster rate as compared to the refill rate prior to isolation.

The unit operator will have at least t
able: (1) pressurizer pressurc; and (2) RCS te  crature. These in-

struments are redundant safety channels supplicd with emergency pover
and qualified for post-accident service.
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. Recovery:
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The safety injection pumps and the auxiliary feedwater pumps are auto-
matically actuated by the safety injection actuation signal and the
emergency feedwater actuation signal, respectively. At one hour after

the LOCA, the cperatoer initiates cooldown to the steam generators by
supplying feedwater and relieving steam. Stean is relieved through the
turbine bypass system if AC power is available or through the atmospheric
dump system if power is unavailable. Then at two hours after the LOCA, t&
high pressure safety injection (HPSI) pume discharge lines are realigned
so that the total injection flow is divided equally betwesan the hot and
the cold legs to maintain core cooling and boric acid flushing.

At eight hours after the LOCA, if RCS pressure has remained above 2
specified pressure, the RCS is filled with liquid water and there 1§
assuyrance that all conditions for entering the shutdown cooling mode
can be established. Cocling of the RCS with the steam generators con-
tinues until the shutdown cooling entry temperature is achieved. The
HPSI pum,s are then throttled until RCS pressure is reduced to the shut-
down csoling entry pressure. Next, all injection flow is shifted back
to the cold legs and shutdown cooling is initiated.

1f RCS pressure at eight hours has fallen (or remained) below the specifiz
pressure, the break may be too large for absolute assurance that proper
suction is available for the shutdown cooling mede; howaver, in this
event, there is assurance that simultanecus hot leg/cold leg injection 2l
will both cool the core and flush the reactor vessel indefinitely.

The heat removal mechanism during the transition from boiling (saturated
RCS condition) to natural circulation ( a subcooled RCS condition) are
given in the response to Question 5.

The time transition from boiling to natural circulation (when the RCS
refills) will vary with break size. Depending on the break size, this
transition will occur from approximately two to eight hours following
initiation of LOCA's with break sizes in the approximate range, 0.0003
to 0.05 ft2, respectively.

Refilling of the RCS and hence the steam generators is accomplished thro
injection from the high pressure gafety injection pumps. The HPSI

pumps have sufficiently high chutoff head to continue injecting until
the RCS becomes refilled and subcooled.

Shutdown cooling is not to be initiated in the boiling mode. As des-
cribed in the response to Question 10, if the RCS is in the boiling

mode (RCS pressure is less than a specified pressure, eight hour post-
LOCA, indicating 2 large break) hot side/celd side injection will cool

the core indefinitely. _ Ao ) 4 ) '
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